A. Kavokin. The lifetime of quasi-free exciton magnetic polaron in a quantum well with semimagnetic barriers. Le Journal de Physique IV, 1993, 03 (C5) The calculation of the radiative lifetime of a localized exciton confined in a quantum we11 is performed for CdTe/(Cd.hln)Te structure where the quasi-free exciton magnetic polaron can be formed. There is shown t h a t t h e polaron induced squeezing of the in-plkne esciton localization radius leads to t h e increase of the lifetime. The lifetime dependence on the quantum well width is found to be altered by the polaronic effect in very thin CdTe/(Cd,Mn)Te quantum wells.
Introduction
The radiative lifetime of low-dimensional escitons has been a sub.iect of theoretical and experimental studies during th.e recent d e c a d e ( l -l l ) . The cases of f r e e two and one-dimensional excitons a r e substantially described t h e o r e t i~a l l y (~*~) a s well as the case of a bound zero-dimensional e s~i t o n (~.~) .
The time-resolved photoluminescence spectroscopy being a direct way to measure the esciton radiative lifetime has been applied to s t u d y exciton states in various quantum ~e l l s (~-l l ) .
The problem of adequate theoretical description of these experiments arises since there a r e not f r e e but localized exciton states seen in t h e photoluminescence. The lifetime of the localized excitons is usually strongly different from that of f r e e ones and depends, moreover, on the shape of t h e localization potential.
The subject of this paper is to s t u d y the localized exciton lifetime in semimagnetic heterostructures, where the exciton magnetic polaron (EMP) can be formed.The experimental studies of the dependence of 7 on the quantum well (QW) and hole are quantized separately, one has the more complicated factor (see Eq. 3), which is, moreover, dependent on the choosen shape of electron and hole in plane wave functions.
To take into account the exchange induced exciton squeezing during the EMP formation in general we should find the dynamics of the radius of exciton (hole) localization L(pOh)in time. If the polaron formation time is larger or in order of the exciton life time one can expect the strongly nonexponential dependence of the exciton radiation intensity on time, so that T a s a parameter becomes hardly applicable to the system. That is why we shall limit ourself, for a while, by a consideration of the simplest case when the magnetic polaron formation time is much shorter than T. In this limit, to account the polaronic effect one just has to substitute L(pOh) in Eqs. (5,3) by the corresponding radius of the magnetic polaron ground state.
The ground state of two-dimensional quasi-free EMP in a QW with semimagnetic barriers has been calculated (12913) by the variational solving of the Schroedinger equation for in-plane esciton (or hole) motion.
The difference between the cases of exciton localization as a whole particle and separate confinement of electron and hole consists in the different values of in-plane mass and in-plane potential. The parameter Ro, w-hich governs the potential should be t>aken different for an exciton and for a hole in order to obtain the magnetic polaron energy in agreement with the experimental data.
Results and Discussion
In this part the developed approach will be applied to the well-studied CdTe/CdMnTe system. Fig.1 shows the magnetic polaron induced decrease of the exciton localization radius in thin C d T e / C d 0 .~~M n~. 2 5 T e QWS calculated in the model of quasy-free EMP (12, 13) . W e have used the parameters of the system from Refs.12.13 and the radius of initial exciton localization ~,=85W. Solid curves (1, 2) represent the calculation with Gaussian and exponential trial functions, respectively. Dashed -curve shows the calculation in a model of independent electron and hole quantization with ~~= 3 5 W .
One can see that in all the analysed cases the radius .of exciton localization decreases substantially in the range of QW widths L,<3BA, where the polaron can be formed. Dashed-dotted 'curve in Fig. 1 represents the exciton inplane Bohr radius behaviour with LZ. Inset shows the very smooth dependence of the electron-hole overlap integral on LZ.
The magnetic polnron induced decrease of the exciton localization area causes the sizeable enhancement of the exciton radiative life time, a s Fig. 2 shows. The solid lines 1,2 represent the calculation of r according to the Eq.5, i.e. for the cases of exciton localization a s whole particle. The corresponding dashed lines show the calqulatecl behaviour of 6 if the polaron induced changes of the exciton localization area a r e neglected. The comparison of solid and dashed curves shows that the EMP formation causes 3-4 times stronger enhancement of in very thiR Q W s than it is obtained from the variations of a L . Dashed-dotted curve shows the exciton life time a s function of Lz-for the case of independent electron and hole in-plane q u~n t i z a i o n (Eq. 3 ) .
The values of r calculated in this model a r e of the same order a s those calculated for bound zero-dimensional excitons (3s4). On t h e other hand, the experimentally measured exciton radiative life time in thick CdTe/CdMnTe QWs is about 150 ps (11), which clearly shows that the model of esciton in-plane localization a s a particle much better corresponds to t h e experimentally studied samples.
